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(57) Abstract 

Coagulation protein antagonists are disclosed, which include monoclonal-type antibodies and related cell lines disclosed 
for the production of specific, neutralizing antibodies against factors VII and Vila and the tissue factor/factor Vila bimolecular 
complex, which antibodies are useful for the prevention or treatment of thrombotic and related diseases, for immunoaffinity iso- 
lation and purification of factors VII and Vila and the tissue factor/factor Vila complex, and for determination of factors VII or 
Vila and the tissue factor/factors VII or Vila complex in a biological sample. 
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DESCRIPTION _ 

Blood Coagulation Protein Antagonists 
And Uses Therefor 

Related Applications 

This application is a continuation-in-part of Soule 
and Brunck, entitled "Blood Coagulation Protein 
Antagonists And Uses Therefor", filed October 22 , 1990, 
5 U.S. Serial No. 07/601,454, pending in the Patent Office 
and hereby incorporated by reference herein, including the 
drawings attached thereto. 

Field Of The Invention 

The present invention relates to antibodies and 

10 functional fragments thereof and, more particularly, to 
the treatment of patients for thrombotic disease or the 
prevention of thrombotic disease using anti-thrombotic 
agents including immunoglobulin protein and protein 
fragments or derivatives directed to certain blood 

15 coagulation-related proteinaceous antigens and epitopic 
regions . thereof . 

Background Of The invention 

Hemostasis is a naturally occurring process which 
results in the spontaneous arrest of bleeding from damaged 

2 0 blood vessels. For example, precapillary vessels will 
contract immediately when an individual is cut. Within 
seconds after such a cut, the process of hemostasis 
begins. At a site of injury with disruption of a blood 
vessel or exposure of subendothelial vascular tissue, two 

25 events rapidly occur. The two limbs of the hemostatic 
system, each comprised of many molecules, are activated. 
The coagulation (clotting) system is immediately initiated 
producing thrombin; and blood platelets adhere to matrix 
proteins. The platelets are activated, in part by 

30 thrombin, and release adenosine diphosphate ("ADP") 
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site of the platelet mass. This thrombin may activate the 
initial adherent platelets and stimulates further platelet 
aggregations. Platelet aggregation is stimulated not only 
by inducing the release of ADP from the platelets, but 
5 also by stimulating the synthesis of prostaglandins, which 
as aggregating agents are more powerful than ADP, and by 
the assembly of the prothrombinase complex on the 
activated platelets to accelerate the formation of more 
thrombin, the very powerful activator of platelets. 

10 The coagulation of blood results in the formation of 

, fibrin. It involves -the interaction of more than a dozen 
proteins in a cascading series of proteolytic reactions. 
At each step a clotting factor zymogen undergoes limited 
proteolysis and itself becomes an active protease. This 

15 clotting- factor enzyme activates the next clotting factor 
zymogen until thrombin is formed which connects fibrinogen 
to the insoluble fibrin clot. The blood clotting factors 
include factor I (fibrinogen), factor II (prothrombin), 
tissue factor (formerly known as factor III) , factor IV 

20 (Ca 2+ ), factor V (labile factors), factor VTI 
(proconvertin), factor VIII (antihemophilic globulin, or 
"AHG"), factor IX (Christmas factor), factor X (Stuart 
factor), factor XI (plasma . thromboplastin antecedent, or 
"PTA"), factor XII (Hageman factor), factor XIII (fibrin-. 

25 stabilizing factor) , and factors HMW-K (high-molecular- 
weight kininogen, or Fitzgerald factor), PRE-K 
(prekallikrein, or Fletcher factor) , Ka (kallikrein) , and 
PL (phospholipid) . 

Fibrinogen, is a substrate for the enzyme thrombin 

3 0 (factor Ila) , a protease that is formed during the 
coagulation process by the activation of a circulating 
zymogen, prothrombin (factor II) . Prothrombin is 
converted to the active enzyme thrombin by activated 
factor X in the presence of activated factor V, Ca 2+ , and 

35 phospholipid. 

Two separate pathways, called the "intrinsic" and 
"extrinsic" systems, lead to the formation of activated 
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disseminated intravascular coagulation (DIC) at about 
350,000 cases per year, and deep vein thrombosis at about 
175,000 cases per year, predominate. However, diseases 
such as menigococemia, hemorrhagic fever virus infections, 
5 and a variety of other diseases produce significant 
morbidity and mortality as well. See, s^, Kaplan, K. 
"Coagulation Proteins in Thrombosis." in Heaost^^ and 
Thromboses , Colman, R.W. , et al. eds., pages 1098 et seq. 
(2d Ed. J.B. Lippincott Co. 1987). Some of the most 

10 acutely severe forms of disseminated intravascular 
coagulation affect children secondary to a variety of. 
infectious diseases. Current treatment for thromboembolic 
. disease is by no means satisfactory, and includes the use 
of anticoagulants, antithrombotic drugs and thrombolytic 

15 agents. 

One of the most well-known anticoagulants is heparin. 
Discovered in 1922, heparin is a heterogenous group of 
straight-chain anionic mucopolysaccharides, called 
glycosaminoglycans, of molecular weights . that average 

20 15,000 daltons. Commercial heparin typically consists of 
polymers of two repeating disaccharide units : D- 
glucosamine-L-iduronic acid and D-glucosamine-D-glucuronic 
acid, it is typically prepared from both bovine lung and 
porcine intestinal mucosa, and has also been obtained from 

25 sheep and whales. 

While heparin occurs intracellular^ in mammalian 
tissues that contain mast cells, it is limited to a 
macromolecular form of at least 750,000 daltons." 
Furthermore, this heparin has only 10-20% of the 

30 anticoagulant activity of commercial heparin. Heparan 
sulfate, a compound similar to heparin but with less 
anticoagulant activity is a ubiquitous component at the 
mammalian cell surface. When native heparin is released 
from its bound and inactive state in the metachromatic 

35 granules of mast cells, it is ingested and rapidly 
destroyed by macrophages. Heparin cannot be detected in 
the circulating blood. 
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hemorrhage should be considered to be heparin-induced, and 
that thrombosis thought to result from heparin should be 
treated by discontinuation and substitution of an agent 
that inhibits platelet aggregation and/or an oral 
anticoagulant. 

Severe thrombocytopenia, hemorrhage, and death have 
occurred even in patients receiving "low-dose" heparin 
therapy. Heparin therapy is, furthermore, contraindicated 
in patients who consume large amounts of ethanol, who are 
sensitive to the drug, who are actively bleeding, or who 
have hemophilia, purpura, thrombocytopenia, intracranial 
hemorrhage, bacterial endocarditis, active tuberculosis, 
increased capillary permeability, all sorts of lesions of 
the gastrointestinal tract, severe hypertension, 
15 threatened abortion, or visceral carcinoma. Furthermore, 
heparin is to be withheld during and after surgery of the 
brain, eye, or spinal cord, and is not to be administered 
to patients undergoing lumbar puncture or regional 
anesthetic blot*. Goodman ailT^.. ^ 

Pharmacol nrucaj Pas js of Th^p p^j.c, pages 1339-1344 
(7th ed. 1985) . 

There are a number of oral anticoagulants that are 
also available for clinical use. Many anticoagulant drugs 
have been synthesized as derivatives of 4 -hydroxy coumarin 
or of the related compound, idan-1, 3-dione. The essential 
chemical characteristics of the coumarin derivatives for 
anticoagulant activity are an intact 4 -hydroxycoumar.-' - 
residue with a carbon constituent at the 3 position. 
There are a number of differences in the pharmacokinetic 
30 properties and toxicities of these agents, however, and 
racemic warfarin sodium is the- most widely used oral 
anticoagulant in the United States. 

The major pharmacological effect of oral 
anticoagulants is inhibition of blood clotting by 
35 interference with the hepatic post translational 
modification of the vitamin K-dependent proteins among 
which are the clotting factors, i^, Factors II, VII, i X 
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intravascular coagulations are not entirely satisfactory, 
and in the case of septic shock is entirely 
unsatisfactory. The need for effective therapy that is 
capable of rapidly arresting arterial thrombogenesis is 
recognized as an important therapeutic deficiency. This 
is evident from the recent evidence that heparin is 
entirely ineffective in preventing rethrombosis of the 11- 
20% of patients that rethrombose at the completion of 
thrombolytic therapy with tissue plasminogen activator. 

The present invention was made in response to these 
needs and relates to antagonists of factor VTI and 
specific antagonists of the procoagulant activity of 
factor Vila and the tissue factor: factor Vila complex. 
The invention includes monoclonal-type antibodies produced 
15 by cell systems including bacteria, such as E. coli . or by 
hybrid cell lines, characterized in that the antibodies, 
or functional fragments thereof, have predetermined 
specificity to factor VTI, to factor Vila, and/or to the 
bimolecular complex of tissue factor and factor Vila, are 
20 effective for neutralization of these targets, and find 
application as antithrombotic agents for syndromes such as 
disseminated intravascular coagulation ("DIC") and venous 
thrombosis. The present invention also relates to the use 
of these monoclonal -type antibodies in methods for the 
25 purification of factor VII, factor Vila and the 
bimolecular complex referred to above, and in methods for 
the immunoassay or immunodetection of factor VII, factor 
Vila and the tissue factor/factor Vila bimolecular 
complex. The purification of factor VII, factor Vila and 
the tissue factor/factor Vila complex from a biological 
sample containing these antigens can be carried out by 
immuno-affinity chromatography in which the biological 
sample is passed through an immunoadsorbant column or 
slurry comprising the novel monoclonal -type antibodies or 
antibody fragments of this invention bound to a solid base 
support to thereby selectively adsorb said antigenic 
targets. The immunoassay of factor VII, factor Vila and 
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cells are fused to spleen cells from immunized mice to 
obtain the hybrid cells, called "hybridomas," that produce 
large amounts of a single antibody molecule. Generally, 
animals are injected with an antigen preparation, and if 
an appropriate humoral response has appeared in the 
immunized animal, an appropriate screening procedure is 
developed. The sera from test bleeds of the immunized 
animal are used to develop and validate the screening 
procedure, and after an effective screen has been 
established, the actual production of hybridomas is begun. ' 
Several days prior to the fusion, which is generally 
carried out in the presence of polyethylene glycol as 
described by Galfe et al. Nature , 2 66:550-552 (1977), 
followed by selection in HAT medium (hypoxanthine, 
aminopterin and thymidine) as described by Littlefield, 
Science, 145:709-710 (1964), animals are boosted with a 
sample of the antigen preparation. For the fusion, 
antibody secreting cells are prepared from the immunized 
animal, mixed with the myeloma cells, and fused. After 
the fusion, cells are diluted in selective medium and 
plated in mult i -welled culture dishes. Hybridomas may be 
ready to test as soon as about one week after the fusion, 
but this is not certain. Cells from positive wells are 
grown, subcloned, and then single-cells are cloned. 

It is understood that hybridoma production seldom 
takes less than two months from start to finish, and can 
take well over a year. The production of monoclonal 
antibodies has been described in three stages: (1) 
immunizing animals (2) developing the screening procedure 
30 and (3) producing hybridomas. It is also understood that 
any one of these stages might proceed very quickly but 
that all have inherent problems. For example, while 
immunization can be carried out with virtually any foreign 
antigen of interest, many difficulties arise and 
variations may be required for any specific case in order 
to generate the desired monoclonal antibodies. Prior to 
attempting to prepare a given hybridoma, there is no 
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cascades. These antibodies are useful in the prevention 
and therapeutic treatment of thrombotic conditions and 
related diseases in which the activation of the above 
coagulation protease cascades plays a significant 
5 pathogenic role. Particular antibodies are also useful in 
methods for the purification of factors VII and Vila and 
the tissue factor/factor Vila bimolecular complex, and in 
the immunoassay of these target antigens. 

Accordingly, the present invention also provides a 
10 method of preventing or treating a mammalian species for 
an incipient :_? r listing thrombotic disease condition that 
would be alleviated by an agent that selectively 
interferes with the extrinsic coagulation cascade, which 
comprises administering to a mammalian species in need of 
15 such treatment a prophylactically or therapeutically 
effective amount of a tissue factor: factor Vila complex 
antagonist. The present invention provides for the 
prevention or treatment of thrombotic disease conditions 
including acute disseminated intravascular coagulation, 
20 septic shock, coronary thrombosis, organ transplant 
rejection, and deep vein thrombosis. Eff ective , tissue 
factor: factor Vila complex antagonists include monoclonal- 
type antibodies, preferably monoclonal antibodies or 
fragments thereof, having the tissue factor: factor Vila 
25 complex antagonist characteristics of antibodies produced 
by hybridoma cell line ATCC HB 10558 . The invention 
further provides for monoclonal antibodies having the 
ability to complex with all or some portion of a loop 
region on the factor VH/VIla molecule, preferably the 
30 structural loop region which comprises the amino acids 
195-208 on the factor Vll/VIIa molecule. 

The invention also provides for compositions useful 
in the prevention or treatment of a thrombotic disease 
condition which comprises an effective amount of a tissue 
35 factor: factor Vila complex antagonist. Such compositions 
may include the monoclonal antibodies and/ or monoclonal 
antibody fragments referenced above. The invention 
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FIG. 2 shows the ability of 12D10 monoclonal antibody 
and 12D10 F(ab) fragment to inhibit the clotting of 
recalcified human plasma in a two stage prothrombin time 
test. 

5 FIG. 3 is a graph showing plasma PT (prothrombin 

time) and factor VII coagulant activity over time 
following intravenous administration of 12D10 F(ab) 
fragment. 

FIG. 4 is a graph showing PT and factor VII coagulant 
10 activity over time following intravenous administration of 
12D10 F(ab) fragment. 

FIG. 5 is a graph showing PT and free factor Vll/Vlla 
antigen over time following intravenous administration of 
12D10 F(ab) fragment. 
15 FIG. 6 is a graph showing PT and 12D10 Fab 

concentration over time following intravenous 
administration of 12D10 F(ab) fragment. 

FIG. 7 is a graph showing PT before and after 
administration of 12D10 F(ab) in a single chimpanzee. 

20 Detailed Descri ption Of The Invention 

As specifically shown in Figure 1, blood coagulation 
can begin when the Hageman factor (XII) undergoes contact 
activation and becomes bound to surfaces. This surface- 
bound factor XII undergoes proteolytic activation by 
25 kallikrein (Ka) in the presence of a high-molecular- 
weight kininogen (HMW-K) . This surface activation 
(contact system, intrinsic pathway) appears to initiate 
coagulation in vitro but is not considered to be a 
relevant in vivo mechanism. Deficiencies in this pathway 
(XII, prekallikrein and HMWK) result in prolonged in vitro 
clotting times but do not cause hemostatic disorders. 

Factor Xlla constitutes an arm of a feedback loop and 
activates more Ka from prekallikrein (Pre-K or Fletcher 
factor) , in the presence of HMW-K. Factor Xlla in the 
3 5 presence of HMW-K also activates factor XI. Factor XI a in 
the presence of Ca 2+ proteolytically activates factor IX to 
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The extrinsic coagulation cascade as currently 
envisioned starts with the formation of the [tissue 
factor: VII] and [tissue factor :VIIa] complexes on the 
surface of tissue factor expressing cells. Tissue factor 
is not normally expressed by blood cells or vascular 
endothelial- cells, but following stimulation with LPS, 
TNFalpha or IL-1, endothelial cells transcribe and express 
this molecule. Though fewer molecules of tissue factor 
are expressed, factor VII is bound and rapidly converted 
to factor Vila by factor Xa feedback activation of the 
bound factor VII. Endothelial cell factor IX/lXa receptor 
(IX-R) and factor VIII (activated to factor Villa by Xa 6r 
thrombin feedback) markedly enhance the kinetics of factor 
Xa generation by limited proteolytic activation of factor 
15 X. cell surface associated factor V (activated by 
thrombin feedback) further amplifies the Vmax of factor Xa 
and prevents inhibition, by plasma heparin: AT-III protease 
inhibitor. Prothrombin is efficiency converted to 
thrombin to convert fibrinogen to fibrin, leads to release 
20 of Plasminogen activator inhibitor I, serves as a 
chemotactic agent, aggregates platelets, activates Mac-l 
receptor of monocytes, and has other inflammatory effects. 

There are no presently effective drugs for the 
inhibition of the extrinsic pathway. The use of heparin, 
shown to be without benefit, is nevertheless continued 
clinically with the attendant secondary problems of its 
platelet effects. In DIC with depletion of antithrombin 
III there is no benefit to heparin since it is not a 
direct anticoagulant, only a cof actor for the thrombin 
30 inhibitor antithrombin III when present as a 
[heparin: antithrombin-IH] complex. Anti-platelet drugs 
do not inhibit the coagulation protease cascade, and they 
diminish the necessary hemostatic properties of platelets, 
warfarin therapy to interfere with Vitamin K supported 
gamma carboxylation of factors VII, x, IX and prothrombin 
is too slow and is associated with reduced activity of the 
natural anticoagulation pathways due to inhibition of 



25 



35 



SUBSTITUTE SHEET 



WO 92/06711 



PCT/US91/07811 



18 

ga^a carboxylation-of Protein c and Protein s. The 

present invention addresses, this need by inhibitina tT 

reaction pathway at i-ho , • "inxtoiting the 

JniH , f . y at the e «liest possible step, the 

5 "b 5 Pr ° te0lytic ^« °* [tissue factorf^ 

5 which will block the intravascular initiatioT * 
coaoulation by tissue factor positive cei^ ^ 

7^TT cells ' Donocytes ' and tissue Po^e 

foa* cells m atherosclerotic plaques. 

15 1- bl "° leouli,r factor.-VIIa complex or 

or ^ 3 —clonal antibody to to 

y uj: sucn monoclonal antibodies r^- 
factor- VTTai ^ x. ^lu-Looaxes to [tissue 

^ec.LTl* erf ~o e ti" traVaSailar 

demonstrated i-h,f >, ' ■ snocjc. it has been 

30 Ml Mtib ° ai ~ *° are 

- P p tl o sh :i k , p rr;; 9 ^.r;- fra ° ™= in 

antibodies prevent ': D :r r heCtin/TNF ~»««* 

fcacterae.ia./ ^ ^ C ■ ^ ^ 

induced by endotoxin"" tt i *" M INPal P ha ^ 

3= Micnie, H E . D . t ' **" tOXi ° Sh ° Ck ^ 1- 

factor efter'endor " *— necrosis 

alter endotoxin administration » » «■„ 

»««l4tl, «... anpin, c, sjLi , ZZLJ?*^-*^ 

' -Protein c prevents the 



SUBSTITUTE SHEET 



WO 92/06711 



PCT/US91/07811 



19 



10 



coagulopathic and lethal effects of escherichia coli 
infusion in the baboon." J. Clin. Invest. 79:18, 1987. 
However, anti-TNFalpha or anti-LPS monoclonal antibodies 
may have low efficacy once the pathologic process has been 
established. Recently, it has been shown that activated 
protein C, the natural anticoagulant protein given in 
massive doses. is capable of arresting and even reversing 
early ongoing septic shock. Taylor, F.B. , "Protein C 
prevents the coagulopathic and lethal effects of 
escherichia coli infusion in the baboon." J. Clin. 
. Invest. 79 : 918, .1987 .„ .. Now, evidence from the same group 
with the same model indicates that arresting the 
initiation of coagulation with monoclonal antibody to 
tissue factor is effective in treating septic shock in 
15 lethal challenge of baboons with E. coli (Edgingtbn, et 
al., "Tissue Factor: Molecular Biology and Significance 
in the Pathophysiology of Gram-Negative Septic Shock," In: 

Microbiol oqj eg 1 , Chemother apeutical and Tmmanologi cal 

Problems in High Risk Patients . E. Garaci, et al., Eds., 
20 Raven Press, New York, Vol. 61, pp. 29-37 (1989). 

One method useful for the production of anti-protein 
antibodies involves the use of synthetic peptides from 
regions of the protein sequence occur on the surface of 
the protein to raise and/ or screen for desirable 
25 antibodies, in the case of Factor Vila however, there is 
no available experimental data on the structure. Only the 
amino acid sequence is known. Factor Vila has some 
sequence and structural homology in its catalytic domain 
to several other proteases whose structures have been 
determined by X-ray crystallography. The sequences of 
these proteases were analyzed and the sequence of the 
catalytic domain of factor Vila was compared. Regions of 
the factor Vila molecule were discovered that were highly 
conserved in structure often representing the core 
structure of the protein, as well as regions that were 
more variable. The regions in- sequence with variable 
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also able to inhibit the activity of free factor Vila. 
The 12D10 monoclonal antibody was shown in Example 3 to be 
specific to amino acids 195-208 region of the factor 
Vll/vila molecule. Fragmentation of the 12D10 monoclonal 
5 antibody as described in Example 5, furthermore, was 
beneficially shown not to affect its clotting inhibition 
activity. 

Antibodies, or the desired binding portions thereof 
including F(ab) and Fv fragments, can also be generated 
10 using processes which involve cloning an immunoglobulin 

^ene library in vivo . Huse et al "Generation of a Large 

Combinatorial Library of the Immunoglobulin Repertoire in 
Phage Lambda," Science 246:1275-1281 (December 8, 1989). 
Using these methods, a vector system is constructed 
15 following PCR amplification of messenger RNA (mRNA) 
isolated from spleen cells with oligonucleotides that 
incorporate restriction sites into the ends of the 
amplified product. Separate heavy chain and light chain 
libraries are constructed and may be randomly combined to 
2.0 coexpress these molecules together and screened for 
antigen binding. Single chain antibodies may also be 
prepared and utilized. 

Additional monoclonals that neutralize the factor 
Vila-tissue factor bimolecular cell surface activation 
25 complex can be made and selected from three classes o.f 
antithrombotic monoclonal antibodies. The specificity of 
the three classes of antibody include those reactive with 
factor VII and VTIa and neutralize amidolytic activity. 
Two subsets of antibody are generated. One will inhibit 
3 0 factor Vila activity by preventing the association of 
tissue factor and factor Vll/VIIa and the other will 
directly inhibit the activity of factor Vila. The second 
class includes those monoclonals reactive with only Factor 
Vila and neutralize amidolytic activity, while the third 
includes tnose reactive with neutralizing neoepitopes 
expressed as the result of association of tissue factor 
and factor VII. These neoepitopes would not be expressed 
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either free tissue factor or factor VII and therefore 
restricted to the coagulation initiation complex. 

Each of the three classes of antibody represent 
further unique mechanistic approaches for antithrombotic 
5 therapy. Antibodies in the first class are defined by the 
specificity of the 12D10 monoclonal. Antibodies in the 
second specificity class are developed by immunizing mice 
with recombinant factor Vila. Monoclonals that react with 
factor Vila but not factor VII are selected. The 
10 desirable reagent will inhibit activity of preformed 
tissue factor:factor Vila complexes... Neoepitooes 
expressed on the functional bimolecular complex will "be 
immunogenic targets for the development of monoclonals 
that neutralize activity. These antibodies are prepared 
15 by performing in vitro immunization of murine splenocytes 
using preformed complexes of tissue factor: factor Vila in 
an optimal environment of phospholipids. in vitro 
immunization is preferred due to the proteolytically 
labile nature of the complex in vivo; however, standard in 
20 vivo immunization of heparinized mice can also be 
employed. Screening is used to identify only those 
antibodies reactive with the tissue factor: factor Vila 
complex, as opposed to those that are reactive with either 
free tissue factor factor Vila. These antibodies will 
-5 only inhibit coagulation at the site of injury or 
activation and normal hemostasis will not be compromised. 

Example, i 



Preparation of hybridomas and identification of 

30 T^r d a0n0Cl0nal ^ibodies ™« as follows. Female 
balb/c mice were immunized with purified human factor VII 
(factor VII) isolated from, pooled human plasma over a 
period of approximately six months. Complete Freund's 

llZT Z S US£d Primary ^ iZati ° n and Complete 
Freund's adjuvant for booster immunization. one to ten 

ImT gra : S ° f Pr ° tein ^ USed ^ *-»i»tic». Houteo* 
immunization was both intraperitoneal and subcutaneous 
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Three days prior to fusion mice received an intravenous 
perfusion boost of purified factor VII (20Mg) in saline. 
Spleens were removed and spleen cells were fused to the 
SP2/0 myeloma. following standard hybridoma methods. 
5 The screening strategy employed a three-staged 

methodology. Primary screening identified hybridoma 
antibodies that reacted with factor VII or factor Vila 
antigen. Secondary screening identified antibodies 
capable of inhibiting the functional - activity of factor 
10 Vila as indirectly assessed in a factor X activation 
chromogenic substrate assay. Tertiary screening assessed 
clotting inhibition of recalcified plasma in a two-stage 
prothrombin time test. 

The primary screening assay was a radioimmunoassay 
15 where antibodies were tested for binding to 125 I-f actor VII. 
Briefly, ninety-six well polyvinyl chloride microliter 
plates were passively coated with affinity purified goat 
anti-mouse IgG obtained from Sigma Chemical Company, St. 
Louis, MO. Antibody-coated plates were blocked with 
20 bovine albumin and culture supernatants (diluted at least 
1:50) were bound to the plates. Plates were washed to 
remove unbound antibody and 125 l-f actor VII or factor Vila 
(100,000 cpm/well; specific activity of factor VII=6 
MCi/^g; specific activity factor Vila = 4 nCl/fig) was 
25 added followed by incubation. Plates were washed to 
remove unbound factor VII and wells were transferred to a 
gamma counter to determine bound labeled factor VII. 
Negative controls include, hybridoma culture supernatant ' 
from a cell line secreting irrelevant monoclonal antibody 
such as anti-tPA, sterile culture medium and buffer. 
Competition of binding of 125 I-factor VII to antibody with 
excess unlabeled ligand is used to further demonstrate 
specificity. 

The second screening was used to evaluate the ability 
of isolated antibodies to inhibit tissue factor catalyzed 
factor VII activity as reflected by the conversion of 
factor X to factor Xa. The human bladder carcinoma cell 
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line J-82 (ATCC HTB-1), expresses cell surface-associated 
tissue factor and is used as the source of tissue factor 
and phospholipids, a chromogenic substrate for factor Xa 
is used, which develops color proportional to the amount 
5 of factor Vila activity. Conversely, color is not 
developed if factor VII activity is blocked. The assay is 
performed as follows. J-82 cells are suspended in tris- 
buffered saline at a concentration of 1 x 10 5 cells per mL. 
Fifty microliters of cell suspension is added to 
10 individual wells of a 96-well polystyrene microliter 
plate. Fifty microliters of hybridoma culture supernatant 
diluted at least l:io is added to appropriate wells 
followed by 25/iL of 20 mM CaCl 2 . Negative control is 
irrelevant hybridoma culture supernatant (such as anti- 
tPA supernatant) and positive control is 1/iM PPACK (d- 

phenylalanine-proline-arginine-chloromethylkefone) . 
Twenty-fi ve microliters of 90 nM factor X and 50 M L of 
substrate Spectrozyme Xa are added to each well. 
Following thirty minute incubation at room temperature, 
20 OD-405 is determined. Maximum activation (negative 
control) was obtained with samples that were treated with 
buffer or irrelevant hybridoma culture supernatant. 
Complete inhibition (positive control) assessed with the 
PPACK from this assay is shown in Table 1 below. 

25 r^le 1: "Results of Factor Y *rrMx, a t i on asgay 
Sample Trp a f ffie .f OD _ 405 

. Buffer 1.101. 
Anti-tPA hybridoma 

culture supernatant 1.151 
30 (1:10) 

. PPACK (!**>. . 0.023 



The properties a monoclonal antibody isolated from a 
preferred hybridoma, designated 12D10, in the factor 
35 Vll/vila binding assay and the factor X activation assay 
are show in Tables 2 and 3 below. 
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Table 2: Identification of Hvbridoina ANtiboriy 12D10 

in F. VII /Vila Ant lo an Binding & ggay . 

Antibody 12S I-rec Anting CPM Bound 

12D 1° rec* p. VII 70397 

5 12D10 rec F.VIIa 3048 9 

12D10 rec F.VII + 50-fold molar excess 

cold rec F.VII 1878 

12D10 rec Vila + 50-fold molar excess 

cold rec F.VIIa 2771 
10 anti-tPA rec F.VII 

anti-tPA rec F.VIIa 

Culture medium rec. F.VII 2232 

Culture medium rec Vila 4311 

* rec = recombinant " 

15 Results in Table 2 show that the 12D10 monoclonal antibody 

reacts specifically with both factor VII and factor Vila 

antigen. 

Table 3; Identifi cation of Neutralizing Activity 

of Hvbr idoma antibody 12 mn 

20 In hibitor Percent Tn hibition of F.X Active inn 

Buffer 0 
Anti-tPA Monoclonal Antibody 3 
PPACK (i M M) 100 
12D10 (1:10 dilution) i0 o 
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Results in Table 3 indicate that the 12D10 monoclonal 
antibody inhibits activity of the tissue factor: factor 
Vila complex. 

Example ? 

The factor X activation assay was used to determine 
the mechanism of inhibition by the 12D10 monoclonal 
antibody. Hybridoma culture superaatants diluted 1:50 
were preincubated with either rF.VIIa or rF.VIIa (rF.7Vlia 
and rF.VIIa indicates recombinant source of specified 
35 molecule) precomplexed to cellular tissue factor expressed 
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on the surface of j-82 cells. Antibody incubations were 
for 3 0 minutes at room temperature. Efficiency of 
antibody blocking was assessed in the factor X activation 
assay. controls included irrelevant hybridoma antibody 
(anti tPA) and a monoclonal to factor Vila which is known 
to prevent the association of tissue factor with factor 
Vila but will not inhibit activity following complex 
formation (Mab 1296) . The optimal specificity for an 
antithrombotic monoclonal antibody is one that inhibits 
the cellular complex of tissue factor and factor Vila. 
Results from this experiment -are presented -in Table 4. 

Table 4: — Mechanic on Inhibition n-F v VT Ta 

by Hvb-r jdoma Antibody i?mn 

Monoclonal 

15 Ant ^Y PrPincnb-.t-jnn % Inhibit of F , y s^tivation 

12010 F VTTp " 

F - VIIa 85+1 
TF:VIIa 22+12 
20 anti tPA F . vxia q± ~ 

anti tPA TF: F.VTla 



3+5 
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These results demonstrate the ability of monoclonal 
antibody 12D10 to inhibit the activity of both free factor 
Vila and cellular complexes of tissue factor and factor 
Vila, an important property for the. disclosed therapeutic 
anticoagulant. 

Example 

Detailed specificity of the 12DiO monoclonal antibody 
was evaluated as follows, a series of synthetic peptides 
representing, linear sequences from the two gla domains, 
EGF domains , the light chain and the catalytic site of 
factor Vila were tested for reactivity with the 12D10 

35 ™° nal antib ° dy - The -P-iment was performed by 
35 coating microtiter wells with 12D10 monoclonal antibody 

SUBSTITUTE SHEET 



30 



WO 92/06711 



PCT/US91/07811 



27 



10 



and reacting the capture antibody with 25/xL of a 100/iM 
solution of indicated peptide for 30 minutes at 37°c. 
following this incubation, 25 /iL of 1 nK 1Z5 l-f actor Vila was 
added to each well for one hour at room temperature. 
Wells were washed and bound 125 I-f actor Vila was determined. 
Factor Vila peptide containing amino acid residues 195-208 
prevented the binding of the 12D10 monoclonal antibody to 
125 I-f actor Vila. 

This result was confirmed by direct binding of the 
12D10 monoclonal antibody to the Factor Vila peptide 
195-208. Peptides were adsorbed to microtiter wells at a 
concentration of l mg per mL at 37 'C for 2 hours. Wells 
were blocked with albumin and reacted with 12D10 
monoclonal antibody (10/ig per mL) for 2 hours at 37°C. 
15 Goat anti-mouse igG peroxidase conjugate was used to 
demonstrate bound monoclonal antibody followed by 
substrate development and determination of OD-450. 
Peptides representing the gla (2 peptides)/ EGF (8 
peptides) , light chain (2 peptides) and catalytic (11 
20 peptides) domains were tested. The catalytic domain 
peptide 195-208 bound 12D10 monoclonal antibody (OD-450 = 
0.450) while all others were negative (OD-450 < 0.042). 
The specificity of the 12D10 monoclonal antibody for the' 
catalytic domain of factor Vila' is consistent with our 
25 discovery that the antibody binds to Vila before and after 
reaction with tissue factor :VTI complex. 

Example 4 

Characterization of the activity of F(ab) fragments 
of 12D10 antibody was carried out as follows. The 

30 production of F(ab) fragments of the 12D10 monoclonal 
antibody was accomplished using a commercial kit (Bioprobe 
International Tustin, CA) . F(ab) fragments are prepared 
by papain cleavage of IgG. Papain is inhibited and 
removed by addition of anti-papain polyclonal antibody. 

35 Protein A chromatography is used to clear Fc fragments, 
intact IgG and immune complexes containing papain. The 
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F(ab) fragments were further purified by size exclusion 
chromatography using a Superose 12 column. Monoclonal 
antibody 12D10, purified as described above, was analyzed 
before and after papain digestion. The resulting purity 
5 of the 12D10 i gG and F(ab) fragments was about 95%. The 
activity of these F(ab) fragments was compared to intact 
12D10. IgG in both the factor X activation assay and 
clottmg inhibition assays. Analysis of 12D10 IgG and 
F(ab) fragments in the factor X activation assay was 
10 performed as described above, except that optimally 
relipidated recombinant human tissue factor was 
substituted for j-82 cells" as" a source oT tissue factor. 
This modification enhances the precision and the 
reproducibility of the assay and alleviates the need to 
15 perform cell culture to obtain J-82 cells. m these 
experiments, factor VII and was preincubated for 30 
mxnutes at room temperature with the 12D10 IgG or F(ab) 
prior to introducing the immune complexes into the factor 
X activation or. clotting assays. 
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Table 5: Inhibition of F.X Ac tivation 

With 12 Dip TaG and Ffabl 

Molar Ratio of 
Antibody Binding 



35 



12D10 IgG 


, ww + 

100 


rereen-c Lmii.bif.irm 

100 


12D10 IgG 


10 


100 


12D10 IgG 


1.0 


100 


12D10 IgG 


0- 1 


28 


12D10 F(ab) 


100 


100 


12D10 F(ab) 


10 


.100 


12D10 F(ab) 


1.0 


100 


12D10 F(ab) 


0.1 


45 


Anti-tPA IgG 


100 


5 


Anti-tPA IgG 


10 


0 


Anti-tPA IgG 


1.0 


2 


Anti-tPA IgG 


0.1 


0 



These results, shown in Table 5, indicate that the 
fragmentation of the 12D10 antibody did not result in a 
loss of biological activity. Activity of the IgG and 
F(ab) fragments are essentially identical under these 
experimental conditions. The potency of the 12D10 
antibody is evident from this result as inhibition at 1:1 
molar ration of antibody site to enzyme is observed. 
Inhibition of the factor X activation assay at ratios of 
factor Vila: monoclonal less than 1 can be explained by the 
fact that the assay readout is an extreme amplification of 
the residual (uninhibited) quantity of factor Vila 
activity present in the sample. 

Example 5 

The 12D10 monoclonal antibody will inhibit the 
clotting of recalcified human plasma in a two stage 
prothrombin time test. The effect of the F(ab) 
fragmentation process on this property was analyzed as 
follows. Plasma was diluted 1:2 with 2 mM sodium citrate. 
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ige or F(ab) at indicated concentrations < 5 o M L) was added 
to ioomL of diluted plasma and incubation was performed at 
^ tett P erat ^e for .20. minutes. Human thromboplastin 
(Thromborel S: Behring Diagnostics) was diluted inoob in 

sTJT' ^ 20 ° ML ^ a ^ t0 * /-ibod, 
Clotting times were determined in a Coagamate optical 
coagulometer (Organon Technica) . Clotting times are 
converted to percent tissue factor activity by an 

10 algonthm previously described, Hvatum, M . and Prydz H. 
Stud.es on Tissue Thromboplastin,. Solubilization with 
Sodium Dxoxycholate. Biochem. Biophys. Acta. 130:92-101 
.(1966). The results are presented in figure 2. These 
results demonstrate that the 12D10 F ( ab) fragment is a 

15 potent inhibitor of clotting of human plasma. 

The 12D10 monoclonal antibody decreases the level of 
tree factor vxi/vna antigen upon administration in vivo 
20 Ta t el 7 Pan2Be - Su <* a ^creased level of these antl^nl 
= 0 as maintained for periods in excess of one hour, amain 
some cases for over five, or even ten hours. 

The F(ai) fragment of the 12D10 monoclonal antibody 
ohL, ^ lniStered *> chimpanzees to assess 
25 Ti^TTT ■ SySte " i0 Mti —9ul»nt effect and 

uTLt MCity - n ° raal * chimpanzees 

underwent ^ SeleCted ^ Stady - A11 

underwent physical examination by a veterinarian including 
complete blood count (CBm v • ^ 

.*„» ,„„ .. 1 ' che "" 1Bt ry screen, fecal 

3 0 ZT Parasites ' «* hepatitis serological 

pa™e HMat01 ^' -^»tion and clinical chemistry 
parameters were tested and shown to be within normal 

exposure f B * le "* d had no previous 

exposure to murine proteins, and that were chimp 
anti-murine antibody (CHSMA) negative 
35 _ Animals were intermittently anesthetized with 
xetamme prior to manipulations. mitially, five disss 
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were selected for administration.. Doses that prolonged 
the prothrombin . time were repeated in two additional 
chimpanzees. Plasma samples were obtained at -15, 15, 30, 
60, 120, 240, 360, 1440 and 2880 minutes following 
5 administration for evaluation of hematologic, physiologic 
and coagulation parameters. The study required five weeks 
with a total of 16 injections of the 12D10 Fab fragment. 
No immediately observable ill effects were noted; however, 
some hematoma formation and bleeding back at the site of 
10 ketamine injection was observed at the higher doses. 

Administration of low levels; (0. 0023. - 0. 0058 mg per 
kg) had no apparent effect on PT or factor VII activity 
(both measured using standard assays) . Figure 3 

illustrates that PT values and factor VII coagulant 
15 activity remain essentially constant following injection 
with a 0.0035 mg per kg dose of the 12D10 F(ab) fragment. 

The threshold for observation of systemic effect was 
at a dose of 0.04 mg per kg. At this dose level, the 
prothrombin time was prolonged to greater than 3 0 seconds, 
20 with simultaneous reduction of factor VII coagulant 
activity and free factor VH/VIIa antigen to less than 10% 
and less than long per mL, respectively. 

The systemic effect of 12D10 F(ab) fragment on 
coagulation parameters was observed in a chimpanzee 
25 infused intravenously with 0.0547 mg per kg 12D10 F(ab) 
fragment. In Figure 4, the rapid increase in plasma PT 
values was reflected by the concomitant decrease in factor 
VII coagulant activity. The decrease in free factor 
Vll/VIIa antigen level is demonstrated in Figure 5. 
3 0 As factor Vll/VIIa antigen and factor VII coagulant 

levels fell, plasma levels of 12D10 F(ab) fragment 
increased dramatically in parallel to the PT values over 
the course of the study. Plasma F(ab) fragment levels 
appeared to correlate directly with plasma PT values and . 
3 5 in reverse with factor Vll/VIIa antigen levels. Plasma 
F(ab) fragment reached peak concentration within the first 
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15 minutes following injection. The change in plasma 
levels of 12D10 F(ab) fragment is shown in Figure 6. 

FIG. 7 compares a range of doses that were 
administered to a single chimpanzee. The duration of 
response increased with escalating dose level. The 
duration of response at the 0.1 mg per kg level was 
approximately double that at the 0.0547 mg per g/kg dose 
level. a dose escalation effect is also evident from 
these data. The threshold for this animal appears to be 
approximately 0.04 mg per kg 12D10 F(ab) fragment. 

other embodiments are within the following claims. 
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Claims 

1. A method of treating a mammalian species for a 
thrombotic disease condition that would be alleviated by 
an agent that selectively interferes with the coagulation 
5 cascade, which comprises administering to a mammalian 
species in need of such treatment a therapeutically 
effective amount of a monoclonal-type antibody acting as 
a tissue factor: factor VII and/ or tissue factor: factor 
Vila complex antagonist. 

10 2 - The method of claim 1 wherein said thrombotic 

disease condition is acute disseminated intravascular 
coagulation. 

3. The method of claim 1 wherein said thrombotic 
disease condition is septic shock. 

15 4. The method of claim 1 wherein said thrombotic 

disease condition is coronary thrombosis. 

5. The method of claim 1 wherein said thrombotic 
disease condition is organ transplant rejection. 



20 



6. The method of claim 1 wherein said, thrombotic 
disease condition is deep vein thrombosis. 



7 . The method of claim 1 wherein said antagr 1st 

comprises a monoclonal antibody preparation, .id 

monoclonal antibody having the ability to substantially 

inhibit the procoagulant activity of the tissue 

25 factor: factor Vll/VIIa complex following formation of 
complex. 

8 . The method of claim 7 wherein said monocl .nal 
antibody has the further ability to bind free factor VII 
or Vila. 
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The method of claim 7 wherein said monoclonal 
antxbody has the i* ^ coagulatio , antagoni ^ 
characteristics of antibodies produced by hybridoma ^ 
line ATCC HB 10558. 

5 ant^K 1 !' . ThS ffieth ° d ° f Claia 9 Whereln Said monoclonal 
antibody is monoclonal antibody 12D10. 

said I 1 ' aeth ° d ° f ^ ° f ClaimS 1 " 8 or 9 herein 

said tissue factor: factor vtt/ott. 

an F r ahl * Vll/VIIa complex antagonist is 

... 9ment ° f monoc l°nal antibody 12D10. 

10 type a^iboT ^ °* ^ 1 Said 

type antxbody ls a monoclonal-type antibody fragment. 

type 111 ! eth ° d ° f Clailn " Wherein -^-onoclonal- 

type antibody fragment is an F y fragment. 

15 factor-' aeth ° d ° f Claim 1 WhOTin Sai « 

factor. factor Vll/vila complex antagonist comprises a 

-noclonal antibody preparation, said monoclonal antibody 

having the ability to complex with a lnm ■ 

factor Vll/vila molecule. ? re91 ° n ^ ^ 

20 comprises 1^ °* ***** " Said ^op region 

uprises amino acids 195-208. 

16- The method of claim 14 wherein said loop reaion ' 
is selected from the group consisting nf * 
177 ono y^oup consisting of ammo acids 165- 

HI' 330 33 ' 234 "" 8 ' 248 - 258 ' 263 " 278 ' 28 =-«=- 313- 
321, 330-339, 348-360, and 367-390. 

" treatalnt \ C ° BP ° Siti ° n Use&1 *» «- Prevention or 

a eX;\z =:";ri ™ r an antibody ° r 

Agonist. SM factor: ^«or Vila =o»pl eJt 
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18. 



The composition of claim 17 wherein said tissue 
factor: factor VH/vila complex antagonist comprises a 
monoclonal antibody having the ability to substantially 
inhibit the procoagulant activity of said tissue 
5 factor: factor Vila complex. 

19. The composition oj claim 18 wherein said 
monoclonal antibody has the ability to substantially 
inhibit the procoagulant activity said tissue 
factor: factor Vli/vila complex after complex formation. 

10 • , 2 °* ThS co *P°sition of claim' 19 wherein said 
monoclonal antibody has the further ability to bind to 
free factor VII or factor Vila. 

21. The composition of claim 20 wherein said 
. monoclonal antibody has the procoagulant activity 

antagonist characteristics of monoclonal antibody 12D10. 

22. Th e composition of claim 18 wherein said 
monoclonal antibody is a monoclonal antibody fragment. 

23. The composition of claim 22 wherein said 

20 mono° c C '° na ' antib ° d " fra9aent 15 M F ^ f -^nt of 
20 monoclonal antibody 12D10. 

mori , C ° mposition of claim 22 wherein said 

monoclonal antibody fragment is an F v fragment. 

mo n , 25 " A SUhStantiall y Purified preparation of a 

25 sZtlT „ antib ° dy ° r antlb0dy f ™*»^ 

substantially inhibits the procoagulant activity of the 

tissue factor: factor Vli/vila complex. 
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27. T h e preparation of claim „v 
monoclonal antibody fragment is an" ! f "** 
Monoclonal antibody 12D10^ ^) fragment C f 

28. Monoclonal antibody 12D10./ 



5 



vn/vTia i z*sz- j?T :t r° r 

antibody 12D10. Properties of. monoclonal 

31. The hybridoma cell lines „-i • 

15 produce antibodies th a * u ^ 3 ° Wh±Ch 



32- Hybriaoma cell line ATCC HB 10558. 

of the t is A ° f ±nhlbitin ' *>» Pfocoagulant activity 

or the tissue factor: factor Vll/vila ™ i ■ . ry 

20 comprises administer!™ J 117 " 1 ' ° 01,,ple * » *iy£ which 
-onoclonal-type ^ T ° ' lian ^cies a 

specif icany^r ^ 
. concise heeostasis to Jv . ^ bUt d ° es ^ 

h inaing to tis SU : %: y ct :r j;r 9 free factor ra & °» 

» -ivity fo Uol(ing conversLrfar;;xia. PrOCOa9Ulint 

ahtihcay b^Tf ° f ^ " " he " in -oclonal 

thereby ihhmts p ro l f^" ™ =r factor Vila. „a 
* inninats procoagulant activity. 
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35. The method of claim 33 wherein said monoclonal- 
type antibody is monoclonal antibody 12D10. 

36. The method of claim 33 wherein said monoclonal- 
type antibody fragment is an F(ab) fragment of monoclonal 

5 antibody 12D10. 

37. A method for producing a hybridoma cell line 
that secretes antibodies that substantially inhibit the 
procoagulant activity of the tissue factor: factor Vll/VTIa 
complex following complex formation which comprises 
immunizing an animal species with an immunogen comprising 
one or more factor VTi/VTIa loop region polypeptides. 



10 



38. The method of claim 37 wherein said loop region 
polypeptide comprises factor vTI/vTIa amino acids 195- 

208. 

15 39. A pharmaceutical product comprising an effective 

amount of a monoclonal antibody derivative acting as a 
tissue factor: factor Vll/VIIa complex procoagulant 
activity antagonist in a pharmaceutically acceptable 
carrier. 

20 40. a composition comprising a monoclonal-type 

antibody wMch substantially inhibits the conversion of 
factor VTI ^o factor Vila. 

41. An immunogen comprising a factor Vll/VIIa loop 
region molecule. 

25 42 ' The immu- jgen of claim 41 which further 

comprises a carrier molecule whereby the immunogenic ity of 
said immunogen is enhanced. 

43. The immunogen of claim 41 wherein said loop 
region comprises amino acids 195-208. 
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Bolecuu iTl ov imUn ° 9e " ° £ « *•»!» saia carrier 

moxecuxe is bovine serum albumin. 
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FIG. 7. 
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Attachment 

I. " Claims 1-27 , 33-36, end 39-40. drawn to a method of 
treating a mammalian species lor a thrombotic disease condition, 
a composition useful in the prevention and treatment of a 
thrombotic disease condition and a pharmaceutical product, 
classified in. Class 424. Subclass 85.8. 

II. Claims 28-32. drawn to a monoclonal antibody and 
hybridoma cell line, classified in Class 530. subclass 387 and 
Class 435, subclass 240.27 . 

III. Claims 37-38. drawn to a method lor producing a 
hybridoma cell line, classified in Class 43"5'. subclass 172.2. 

IV. Claims 41-44, drawn to an lramunogen. classified in 
Class 424, subclass 88. 

In the instant case the products of croups II and IV can be 
used in a materially different process such as immunopur if ication 
or immunoassay. The products of groups II and IV clearly differ 
in that they are structurally and functionally distinct and are 
made by different methods. Thus, the products clearly are 
independent and distinct from each other and additionally, differ 
in their classification scheme. 

The methods of groups I and III clearly differ in the 
method parameters, steps and reagents used. The method of group I 
is directed to a method for treating a raammali.n species for a 
thrombotic disease. The method of group ill i* directed to a 
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method lor producing a hybrido*. cell i lne . These methods are 
independent and distinct iron, each other and are classified in 
different classes and subclasses from each other. 
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